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ABSTRACT
Background As global rates of mortality decrease, 
rates of non- fatal injury have increased, particularly 
in low Socio- demographic Index (SDI) nations. We 
hypothesised this global pattern of non- fatal injury 
would be demonstrated in regard to bony hand and wrist 
trauma over the 27- year study period.
Methods The Global Burden of Diseases, Injuries, 
and Risk Factors Study 2017 was used to estimate 
prevalence, age- standardised incidence and years lived 
with disability for hand trauma in 195 countries from 
1990 to 2017. Individual injuries included hand and 
wrist fractures, thumb amputations and non- thumb digit 
amputations.
Results The global incidence of hand trauma has only 
modestly decreased since 1990. In 2017, the age- 
standardised incidence of hand and wrist fractures was 
179 per 100 000 (95% uncertainty interval (UI) 146 to 
217), whereas the less common injuries of thumb and 
non- thumb digit amputation were 24 (95% UI 17 to 34) 
and 56 (95% UI 43 to 74) per 100 000, respectively. 
Rates of injury vary greatly by region, and improvements 
have not been equally distributed. The highest burden of 
hand trauma is currently reported in high SDI countries. 
However, low- middle and middle SDI countries have 
increasing rates of hand trauma by as much at 25%.
Conclusions Certain regions are noted to have high 
rates of hand trauma over the study period. Low- middle 
and middle SDI countries, however, have demonstrated 
increasing rates of fracture and amputation over the last 
27 years. This trend is concerning as access to quality 
and subspecialised surgical hand care is often limiting in 
these resource- limited regions.
InTRoduCTIon
As global rates of mortality decline, rates of non- 
fatal injury have increased, particularly in lower 
Socio- demographic Index (SDI) nations.1 Hand 
trauma occurs with considerable frequency,2 repre-
senting a significant proportion of non- fatal injuries 
requiring medical attention.3 Even seemingly minor 
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hand and wrist injuries have the potential to result in chronic 
pain, lost productivity and decreased quality of life without 
proper management.4 Prompt and thorough evaluation by a 
hand specialist is often necessary to provide an optimal func-
tional outcome, regardless of the injury pattern. Furthermore, 
rehabilitation of the injured hand is of great importance outside 
the acute period of injury.5 While expedient diagnosis, proper 
management (surgical or non- surgical) and long- term rehabilita-
tion (eg, structured hand therapy to improve motion, strength, 
adaptive function, and so on) may be standard treatment 
protocol in high SDI regions, lower SDI countries likely do not 
have accessibility to such care.6
The Global Burden of Disease (GBD) study represents the 
most exhaustive estimation and review regarding trends of 
disease and injury worldwide.7–10 This study provides a compre-
hensive assessment of 354 diseases and injuries in 195 countries 
and territories from 1990 to 2017. Included in the current GBD 
analyses are estimates of prevalence, incidence, mortality, risk 
factors and disability- related health outcomes (eg, years lived 
with disability (YLD) and disability- adjusted life years). For non- 
fatal trauma, such as hand and wrist injuries, the GBD study has 
established a method for comparing these measures over time 
and by region. Estimates for non- fatal injury represent a new 
feature of the GBD study and were previously incorporated into 
measurements of disability.
Central to understanding the global burden of hand and 
wrist trauma is determining where these injuries and health-
care resources are most imbalanced.11 12 There has not yet been 
a systematic appraisal of the global burden of hand and wrist 
trauma for all countries, age groups and sexes. Current reviews 
of upper extremity injuries have instead focused on single insti-
tution or country- wide estimates, and thus are not generalisable 
to regions of different socioeconomic development.13–16 Given 
this relative paucity of data regarding the global pattern of these 
injuries, there is considerable value in estimating the burden of 
hand and wrist trauma. Since the burden of injury can be high in 
areas of the world that lack health data, there is also interest in 
estimating the incidence and prevalence of these conditions in all 
countries over a time period to provide information regarding 
the trends of hand injury. These estimates will likely influence 
future resource allocation and health system planning.
MeThodS
Results from the Global Burden of Diseases, Injuries, and Risk 
Factors Study 2017 (GBD 2017) study were used; these are 
described in greater detail in the GBD summary publications17–21 
(online supplementary appendix 1). The GBD 2017 results are 
publicly available via the GBD Results Tool (http:// ghdx. health-
data. org/ gbd- results- tool) and GBD Compare (https:// vizhub. 
healthdata. org/ gbd- compare/). All incorporated data sources 
meet minimum inclusion criteria as outlined by previously 
established guidelines. Notably, the GBD study complies with 
the Guidelines for Accurate and Transparent Health Estimates 
Reporting recommendations22 (online supplementary appendix 
2). A brief description of the GBD study methods as they apply 
to this analysis is provided below.
First, in the hierarchy of causes and injuries, GBD 2017 differ-
entiates injury cause from injury nature. The cause of injury 
designation includes causes such as road injury, falls, and fires, 
heat and hot substances. While cause of injury determines the 
cause of death in the event of fatality, the nature of injury that 
results from a cause determines the actual disability experienced 
in the event of a non- fatal injury. For example, if a fall occurs 
that leads to a hand fracture, the fall would be the cause of injury 
and the hand fracture would be the nature of injury. For GBD 
2017, 30 mutually exclusive, collectively exhaustive causes of 
injuries were designated, with 47 natures of injury that could 
result from each cause.
In order to comprehensively measure the global burden of 
hand trauma, GBD 2017 first estimated the incidence of 30 
different causes of injury. This list includes road injuries and 
their subtypes; falls; fires, heat and hot substances; interpersonal 
violence; self- harm; and others. GBD 2017 uses a wide array of 
incidence data for each cause of injury, which are documented 
and catalogued in detail in GBD literature and in the Global 
Health Data Exchange (http:// ghdx. healthdata. org). Incidence 
data included literature studies, survey data, surveillance data, 
outpatient (clinic) data, hospital data and insurance claims data. 
Each data source used was extracted, processed, reviewed and 
analysed as part of the GBD 2017 study. Once data for each 
cause of injury were available, GBD 2017 modelled the incidence 
of each injury cause using DisMod- MR V.2.1—a Bayesian meta- 
regression tool that uses a compartmental model framework to 
reconcile incidence, cause- specific mortality and remission.23 
Further details regarding the modelling approach for each cause 
of injury are available in previous GBD publications.1
After each cause of injury was modelled, the incidence of each 
cause was split into incidence of each cause–nature combina-
tion. This process is based on clinical data where both cause and 
nature of injury were coded. The clinical sources and analytical 
method used for this process are described in more detail else-
where.24 In this manner, GBD 2017 measured the proportion of 
each cause of injury that would lead to a hand or wrist fracture, 
thumb amputation or finger amputation when it was the most 
disabling injury sustained in a given case. Each nature of injury 
is assigned to a GBD disability weight to measure YLDs. Finally, 
the rates are summed across causes such that the overall inci-
dence, prevalence and YLDs for each nature of injury (including 
hand and wrist fractures, thumb amputations and finger amputa-
tions) can be computed. The final results from this process were 
obtained, reported and described for this research study.
Socio- demographic Index (SDI) is a marker of development 
status used by the GBD study and for this analysis. In brief, it is 
calculated using the total fertility rate under the age of 25, mean 
education for those aged 15 and older and lag distributed income 
per capita. An SDI of 0 and 1 would reflect a minimum and 
maximum level of development relevant to health, respectively.
Similar to other GBD analyses,1 7–9 uncertainty is measured at 
various steps of the analytical process using the sample size, SE 
or original uncertainty interval (UI). Uncertainty is maintained 
in a distribution of 1000 draws and is then propagated in draw 
space through each analytical step. The 95% UIs reported in this 
study are the 25th and 975th values of the ordered 1000 values 
across draws.
The analytical processes were conducted in Python V.2.7, 
Stata V.13.1 or R V.3.3. The statistical code used in steps of this 
analytical process is available online (http://www. ghdx. health-
data. org). Results with additional detail by age, sex, year and 
location can be downloaded at  ghdx. healthdata. org.
ReSulTS
Global rates of bony hand trauma have decreased slightly over 
the last 27 years (table 1). In 2017, an estimated 178.9 (95% UI 
145.8 to 216.8) age- standardised hand and wrist fractures per 
100 000 individuals occurred worldwide, representing a 2.6% 
decrease from 1990. Furthermore, there were 24.1 thumb (95% 
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Figure 1 Age- standardised incidence rate of hand and wrist fractures 
in 2017 (A) and percentage change in hand and wrist fracture incidence 
rate from 1990 to 2017 (B).
Figure 2 Age- standardised incidence rate of thumb amputations in 
2017 (A) and percentage change in thumb amputation incidence rate 
from 1990 to 2017 (B).
UI 17.4 to 33.9) and 56.0 (95% UI 43.4 to 74.0) non- thumb 
digit amputations per 100 000. Males comprise the majority of 
those who sustain hand and wrist fractures (1.8:1 male- to- female 
incidence ratio), thumb amputations (1.9:1 incidence ratio) and 
non- thumb digit amputations (2.3:1 incidence ratio). Males, 
however, have experienced a greater reduction in the incidence 
of these injuries since 1990 compared with females.
The highest overall number of hand and wrist fractures in 
2017 was observed in South and East Asia; however, the age- 
standardised rate of this injury was highest in Central Europe, 
Australasia and Eastern Europe, corresponding to 666.8 (95% 
UI 511.2 to 865.3), 652.6 (95% UI 506.7 to 819.9) and 544.7 
(95% UI 427.6 to 691.2) injuries per 100 000, respectively 
(figure 1). Within these regions, New Zealand, Czech Republic, 
Slovenia, Slovakia, Poland and Australia had the highest age- 
standardised rates of hand and wrist fractures. Incidence was 
lowest in Southeast Asia and Tropical and Central Latin America, 
corresponding to 71.2 (95% UI 59.8 to 84.9), 104.5 (95% UI 
81.8 to 135.3) and 106.1 (95% UI 84.5 to 131.1) injuries per 
100 000, respectively. The countries Timor- Leste, Laos, Mauri-
tius, Indonesia and Philippines had the lowest incidence overall 
(online supplementary table 1).
The highest overall number of digit amputations was reported 
in high- income North America and Western and Eastern Europe. 
The highest incidence of thumb amputation was again observed 
in Australasia, followed by Central and Eastern Europe, corre-
sponding to 74.2 (95% UI 48.7 to 112.2), 68.8 (95% UI 43.5 
to 112.8) and 57.3 (95% UI 37.9 to 90.2) injuries per 100 000, 
respectively (figure 2). The highest incidence of non- thumb digit 
amputation was observed in Australasia, followed by Eastern 
and Central Europe. This corresponded to 207.5 (95% UI 149.4 
to 286.0), 184.3 (95% UI 131.6 to 260.4) and 154.1 (95% UI 
113.4 to 215.2) injuries per 100 000, respectively (figure 3). 
The incidence of digit amputations (thumb and non- thumb) was 
lowest in Oceania, Andean Latin America and the Caribbean. 
The countries Timor- Leste, Laos, Philippines and Mauritius had 
the lowest incidence of thumb amputation, while Indonesia, 
Timor- Leste, Laos and Mauritius had the lowest incidence of 
non- thumb amputation.
The most significant increase in injury incidence by region 
since 1990 was noted in East Asia—with a 63%, 47% and 57% 
increase in the age- standardised rate of fracture, thumb ampu-
tation and non- thumb digit amputation, respectively. China 
and North Korea make up the majority of these increases. 
Other regions with increases (eg, Oceania, Caribbean, Tropical 
and Southern Latin America) were substantial, but not to the 
same magnitude as East Asia. Variable patterns of change were 
seen in sub- Saharan Africa and the Middle East. High- income 
North America, however, experienced a substantial reduction in 
the rates of fracture, thumb amputation and non- thumb digit 
amputation.
Over the study period, high SDI countries had the highest 
reported age- standardised incidence of hand and wrist frac-
ture, thumb amputation and non- thumb digit amputation, 
corresponding to 297.8 (95% UI 237.2 to 366.0), 44.0 (95% 
UI 30.2 to 64.7) and 85.1 (95% UI 63.0 to 114.5) injuries per 
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Figure 3 Age- standardised incidence rate of non- thumb digit 
amputations in 2017 (A) and percentage change in non- thumb digit 
amputation incidence rate from 1990 to 2017 (B).
Figure 4 Age- standardised incidence of hand and wrist trauma by 
Socio- demographic Index (SDI).
Figure 5 Causes of hand and wrist fracture (A), thumb amputation (B) 
and non- thumb digit amputation (C) by region.
100 000, respectively (figure 4). Middle SDI countries had the 
lowest age- standardised incidence of hand and wrist trauma, 
corresponding to 115.2 (95% UI 96.1 to 140.0) hand and wrist 
fractures, 18.5 (95% UI 13.5 to 25.4) thumb amputations and 
36.8 (95% UI 28.4 to 48.3) non- thumb digit amputations per 
100 000, respectively.
Paralleling the reduction in high- income North America, the 
high SDI country group experienced a substantial decrease in 
the rates of these injuries over the last 27 years, with an esti-
mated 9% decrease in hand and wrist fractures, 12% decrease in 
thumb amputation and 9% decrease in non- thumb digit amputa-
tion. During the same period, however, hand and wrist fractures 
increased by 16% and 26%, thumb amputations by 15% and 
20% and non- thumb digit amputations by 16% and 23% in low- 
middle and middle SDI groups, respectively.
The greatest proportion of hand and wrist fractures occurred 
secondary to falls, followed by other exposures to mechanical 
forces and unintentional injuries (figure 5). Causes of hand and 
wrist fracture are overall similar in Central and Eastern Europe 
and Australasia. The greatest proportion of digit amputations 
is due to exposures to otherwise unspecified mechanical forces, 
which likely represents industrial injuries. Notably, conflict and 
terrorism account for a greater number of all bony hand injuries 
in North Africa and the Middle East.
Trends of disability, specifically YLDs, parallel trends of the 
incidence of hand trauma (table 2). Thumb amputation accounts 
for the greatest burden of disability globally at 10.5 (5.0–19.7) 
per 100 000, as compared with hand and wrist fracture at 4.1 
(2.1–7.3) and non- thumb digit amputation at 9.4 (3.5–19.9) 
YLDs per 100 000, respectively. As before, the highest rate 
of YLDs was observed in Australasia and Central and Eastern 
Europe. The high SDI group had the greatest observed burden 
of disability related to hand trauma overall; however, the low- 
middle and middle SDI groups experienced increases in YLDs 
over the last 27 years, paralleling the rising reported incidence 
in these regions.
dISCuSSIon
Hand and wrist injury has the potential to result in significant 
impairment, affecting both social and vocational activities.4 
Unfortunately, these injuries are overwhelmingly common, 
affecting all ages, sexes and geographic regions. Prior descrip-
tions of the epidemiology of hand and wrist injuries have focused 
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Table 2 Global disability of hand and wrist trauma and digit amputations
Rate of age- standardised years lived with disability (ASYld) in 
2017 (95% uI) per 100 000
estimated percentage change in rate of ASYlds 
(1990–2017)
Wrist and hand 
fractures Thumb amputation
non- thumb 
amputation
Wrist and hand 
fractures
Thumb 
amputation
non- thumb 
amputation
Overall 4.1 (2.1 to 7.3) 10.5 (5.0 to 19.7) 9.4 (3.5 to 19.9) −4.7 −5.7 −3.1
Sex
  Male 5.1 (2.6 to 9.1) 13.7 (6.6 to 26.0) 13.0 (4.8 to 27.6) −2.5 −6.2 −3.0
  Female 3.1 (1.6 to 5.5) 7.8 (3.5 to 13.6) 5.9 (2.2 to 12.5) −4.7 −6.1 −3.3
Socio- demographic Index
  Low 3.3 (1.8 to 5.7) 7.4 (3.6 to 13.9) 9.1 (3.3 to 19.6) 7.1 9.2 9.3
  Low- middle 3.1 (1.7 to 5.5) 7.3 (3.5 to 13.8) 7.9 (2.9 to 17.2) 15.2 15.5 14.9
  Middle 2.7 (1.4 to 4.9) 7.5 (3.6 to 14.0) 5.6 (2.1 to 11.9) 24.2 23.6 24.4
  High- middle 5.2 (2.7 to 9.5) 12.6 (6.0 to 23.7) 12.0 (4.4 to 25.5) −6.0 0.1 −4.4
  High 6.2 (3.1 to 11.2) 18.3 (8.8 to 34.1) 14.3 (5.3 to 30.2) −9.4 −12.6 −7.7
Region
  High- income Asia Pacific 6.2 (3.1 to 11.2) 23.4 (11.1 to 43.4 14.1 (5.2 to 29.6) 5.6 8.8 13.1
  Central Asia 7.0 (3.6 to 12.8) 15.2 (7.2 to 28.7) 16.7 (6.2 to 35.2) −1.9 1.0 3.9
  East Asia 3.2 (1.7 to 5.8) 8.6 (4.1 to 16.4) 6.5 (2.4 to 14.0) 55.4 49.9 53.8
  South Asia 3.0 (1.6 to 5.4) 8.1 (3.9 to 15.3) 7.2 (2.6 to 15.1) 20.3 20.8 14.3
  Southeast Asia 2.0 (1.1 to 3.5) 4.5 (2.2 to 8.3) 4.2 (1.6 to 9.1) 19.1 19.4 24.3
  Australasia 12.0 (5.8 to 21.5) 32.3 (15.3 to 59.9) 35.6 (13.3 to 74.9) 11.8 14.3 13.7
  Oceania 2.9 (1.5 to 5.1) 6.6 (3.2 to 12.2) 7.3 (2.7 to 15.5) 47.0 43.1 46.9
  Central sub- Saharan Africa 3.5 (1.9 to 5.9) 6.3 (3.1 to 12.0) 9.5 (3.4 to 21.4) 4.0 0.5 18.9
  Eastern sub- Saharan Africa 4.3 (2.4 to 7.1) 8.8 (4.2 to 16.6) 11.0 (4.0 to 24.5) −2.2 0.2 2.3
  North Africa and Middle East 4.2 (2.4 to 7.2) 9.0 (4.4 to 17.0) 13.0 (4.7 to 29.0) −4.0 2.4 3.7
  Southern sub- Saharan Africa 3.2 (1.7 to 5.8) 7.4 (3.6 to 14.1) 8.3 (3.0 to 17.5) −11.1 −6.7 −7.8
  Western sub- Saharan Africa 2.9 (1.5 to 5.2) 6.3 (3.0 to 11.8) 7.3 (2.7 to 15.4) −1.7 −1.5 3.1
  Central Europe 12.7 (6.4 to 23.1) 28.0 (13.5 to 51.9) 24.8 (9.2 to 52.0) −1.9 2.5 −1.4
  Eastern Europe 10.6 (5.3 to 19.2) 23.4 (11.1 to 43.4) 29.8 (11.1 to 62.2) −2.6 −0.9 5.0
  Western Europe 5.9 (3.0 to 10.8) 14.4 (6.8 to 26.4) 15.2 (5.6 to 32.2) −1.8 0.3 0.9
  Andean Latin America 2.6 (1.4 to 4.7) 5.6 (2.7 to 10.5) 6.8 (2.5 to 14.5) 5.6 11.3 7.9
  Central Latin America 2.4 (1.3 to 4.2) 7.1 (3.4 to 13.3) 5.5 (2.0 to 11.8) −3.7 −0.9 −5.8
  Southern Latin America 6.0 (3.0 to 10.9) 14.6 (7.0 to 27.4) 16.7 (6.2 to 35.3) 7.3 13.5 15.0
  Tropical Latin America 2.6 (1.4 to 4.7) 8.9 (4.3 to 16.9) 4.1 (1.5 to 8.7) 30.9 25.4 22.6
  High- income North America 5.0 (2.5 to 9.1) 18.3 (8.8 to 34.3) 9.7 (3.6 to 20.9) −32.4 −40 −37.4
  Caribbean 3.1 (1.7 to 5.2) 9.2 (4.2 to 18.3) 8.1 (2.9 to 17.7) 47.6 116.3 61.2
UI, uncertainty interval.
on isolated data sets, and have not compared the frequency and 
effect of these injuries by geography and income group world-
wide. This is the first study that aims to measure the global inci-
dence and resultant disability of hand and wrist fracture, thumb 
amputation and non- thumb digit amputation using data collected 
between 1990 and 2017 as part of the GBD 2017 study.
Although hand trauma is frequent and affects all demographic 
groups, these injuries are not equally distributed and significant 
variation by region and SDI group exists. The first discernible 
pattern is that fractures and amputations appear to be most 
concentrated in high- middle and high SDI groups. This trend is 
consistent with other forms of non- fatal trauma as estimated in 
the GBD 2017 study,25 but may be related to the more compre-
hensive reporting of injuries. In particular, Australasia and 
Central and Eastern Europe were observed to have the highest 
incidence of hand and wrist trauma per capita, while East and 
South Asia had the highest total number of hand and wrist inju-
ries overall. The rates of fracture and digit amputation in sub- 
Saharan Africa and the Middle East were lower than expected, 
and are likely greater than estimated secondary to a paucity of 
medical data collection and poor access to medical care.
The inequitable distribution of fatal and non- fatal traumatic 
injuries has been well studied in Europe.26–28 While some Euro-
pean countries fall into the high SDI group and have similar 
rates of trauma relative to high- income Asian and North Amer-
ican countries, others are relatively low income. Research has 
suggested that additional sources of trauma in Europe are 
secondary to military conflict, which has taken place every year 
prior to and during the 27- year study period.29 Other studies 
have demonstrated a strong association between alcohol use 
and mortality, specifically in Central and Eastern Europe.30 31 
Furthermore, there has also been a significant influx of migrant 
populations, with approximately 76 million international immi-
grants residing in Europe in 201532 and many of those individ-
uals migrating from conflict zones.33 This may skew the rate of 
injuries documented in Central and Eastern Europe.34
Although the burden of traumatic injuries is documented in 
Australia and New Zealand,35 the specific reason for why rates 
of hand trauma are observed to be comparatively high in the 
Australasian region remains unclear. One study comparing injury 
patterns between the USA and New Zealand found that rates of 
fatal and severe non- fatal injuries were higher in New Zealand.36 
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What is already known on the subject
 ► Fractures of the hand and wrist, as well as digit amputations, 
are debilitating injuries that occur in all regions and income 
groups, and occur by a variety of mechanisms.
 ► Bony hand trauma occurs globally with high incidence; 
however, the resulting impairment and disability depends on 
the severity of injury, prompt diagnosis and proper treatment.
What this study adds
 ► In 2017, there were approximately 18 million hand and wrist 
fractures, 2 million thumb amputations and 4 million non- 
thumb digit amputations worldwide.
 ► Bony hand injuries, including digit amputation, occur in 
greatest number in South and East Asia, but appear to be 
most concentrated (per capita) in Central Europe, Eastern 
Europe and Australasia.
 ► Whereas the rate of these hand injuries is decreasing in the 
higher Socio- demographic Index (SDI) countries, low- middle 
and middle SDI regions have experienced an increasing rate 
of hand injuries over the past 27 years.
Explanations for this disparity included higher populations in 
rural environments, road design, differences in trauma system 
implementation and differences in legislation and public policy.
The second pattern noted in this study is that bony hand and 
wrist trauma appears to be increasing at a significant rate in the 
low- middle and middle SDI groups, whereas it is observed to 
be decreasing in the higher SDI groups. This phenomenon may 
be due to a number of different causes. As access to healthcare 
improves, more individuals may seek medical care than previ-
ously, and thus an increasing number of injuries are recorded as 
a result. Another explanation is that industrial job availability 
may predispose individuals to occupational hand and wrist 
trauma that may have not been possible previously. Similarly, the 
so- called ‘motorization’ of lower SDI countries may also affect 
rates of trauma. For instance, the growing proportion of indi-
viduals operating personal vehicles in low- income countries37 
combined with poor traffic safety standards likely results in more 
collisions.38 Another cause may be the improved survivability 
of traumatic injuries in these countries stemming from imple-
mentation of health safety measures and development of trauma 
systems. As trauma victims survive what may have otherwise 
been fatal injuries, increasing rates of non- fatal polytrauma may 
be noted. Lastly, medical record keeping may also be improving 
in these regions, now reflecting an estimate closer to the true 
number of hand injuries.
The third pattern of hand injury is the distribution of hand 
injury by sex. Females represented approximately one- third of 
all hand injuries captured in this study. Global reductions in age- 
standardised incidence over the 27- year period were approxi-
mately 50% of their male counterparts. When divided by age 
group, male injuries demonstrated a bimodal distribution across 
all SDI groups with one peak occurring between 15 and 40 years 
of age, and another peak after 80 years of age.25 We speculate 
that the first group captures occupational hand injuries and also 
corresponds to increased rates of trauma in general for younger 
men.39 This peak becomes more pronounced from 1990 to 2017 
for low- middle and middle SDI countries, but is reduced in the 
high SDI group over that time period. For females, this first peak 
does not exist no matter the SDI group or year. Although specu-
lative, this may relate to the different occupational hazards to 
which men and women are exposed. Males may demonstrate a 
greater reduction because males tend to make up a majority of 
hand injuries in the workplace.40 41
Regardless of the underlying cause, bony injuries of the hand 
follow universal principles of fracture management—establish 
anatomic reduction, maintain immobilisation for adequate bony 
healing and subsequently mobilise the joints to prevent stiff-
ness.42 43 The technologies available to achieve reduction and 
immobilisation will vary widely based on the medical resources 
and capabilities of the country or region in question. Lower SDI 
countries will not have access to proper diagnostic equipment 
and a trained surgical workforce, thus placing the populations 
they serve at greater risk of experiencing the long- term sequelae 
of these injuries. Estimates of surgical workforce and unmet 
surgical need, as expected, show that low- income countries have 
the greatest unmet need.44 Based on this analysis, 93% of the 
people living in sub- Saharan Africa and 97% of those in South 
Asia are without access to safe and affordable surgical care, as 
compared with 3.6% of the population in higher income regions. 
This undoubtedly signals an imbalance in the rate of hand inju-
ries and the specific resources needed to adequately diagnose 
and treat those injuries.
Despite the lesser frequency of digit amputations as compared 
with fracture, loss of a finger, and more notably a thumb, has the 
potential to result in more impairment and subsequent disability. 
Fractures can go on to heal with little permanent deficit or defor-
mity, depending on the degree of comminution and displacement 
of fracture pieces. Loss of a digit, however, will often result in 
at least some degree of permanent functional deficit (eg, range 
of motion, fine pinch, power grasp, strength, sensibility).45 This 
is well illustrated by the higher disability weight and years lived 
with disability (YLD) for thumb amputations globally. Optimal 
management after a digit amputation considerably depends on 
the mechanism of injury and level of amputation. Even in high- 
resource areas, a digit replantation may not be ideal, and thus 
ensuring good postinjury hand function relies on a well- planned 
revision amputation. Secondary reconstructive modalities (eg, 
osteoplastic lengthening, free tissue transfer, ray resection) 
following a digit amputation require a high level of expertise. 
Furthermore, access to specialised occupational and physical 
therapists, as well as prosthetists, may not be possible in lower 
income regions.
Improving the burden of hand injuries, like all disease states, 
depends both on prevention of the injury and reduction of asso-
ciated impairment when it occurs. One study of risk factors of 
work- related acute hand injuries in the USA found that malfunc-
tioning or incorrectly used equipment, in addition to subjective 
factors such as being distracted or rushed, contributed to occu-
pational hand trauma.46 Policy mandating the implantation of 
industrial and occupational safety protocols—including the use 
of protective equipment—is critical for reducing the number of 
workplace incidents. Similarly, the introduction of safety devices 
for heavy machinery and occupational equipment would help 
prevent high- energy and mangling hand injuries, which can 
have devastating consequences for patients.47 Targeted safety 
campaigns and education regarding the use of protective voca-
tional and recreational gear could also be promoted at a number 
of levels.48 The primary impediment for these efforts is the cost 
associated with their implementation, which may be prohibitive 
in lower SDI countries.
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After an injury occurs, expedient diagnosis and proper 
management mitigates the long- term sequelae of bony hand 
trauma. Primary care providers, who will see the majority of 
bony hand injuries, should receive adequate education regarding 
management of hand and wrist fractures. Thus, outreach 
missions should focus on providing clinical services for those 
in need, and educating local practitioners—particularly non- 
specialists. In addition, emergency response systems should also 
be designed in such a way that hospitals with specialised hand 
and microsurgical services are prioritised in instances of digit 
amputation. Uncertainty regarding where a patient should be 
taken initially may cause untoward delays in care. Lastly, the 
impact of trained physical and occupational therapists following 
injury should never be underestimated. Global outreach should 
prioritise acute management of the fracture, and focus on the 
aftercare and rehabilitation of these injuries.
There are several limitations inherent in this study. First, this 
analysis only allows estimation for bony injuries of the hand, 
which represent a subset of the total hand trauma incurred 
globally. Soft tissue injuries, including acute burns, skin lacera-
tion, tendon laceration, vascular injury and nerve damage, will 
not be captured in an isolated manner. Additionally, hand burn 
contractures also make up a substantial burden of hand disability 
and are not estimated in this study.49–51 The sequelae of burn 
injury, especially in the upper extremity, require the expertise 
of a reconstructive surgeon to treat. These soft tissue injuries 
make up a substantial proportion of the overall burden of hand 
trauma, and thus actual rates of hand and wrist trauma will be 
far greater when all types of trauma are considered.
Furthermore, estimates rely on the availability of clinical and 
hospital data, which may be lacking in lower income regions and 
conflict zones. In these circumstances, estimation models rely 
more heavily on covariates. The current GBD method for esti-
mating the cause–nature relationships of hand and wrist injuries 
(ie, hand and wrist fractures and digital amputations) depends 
on dual- coded hospital data, which are not always available in 
every country.
Next, due to data constraints in GBD 2017, disability weights 
may not accurately reflect specific outcomes for specific types of 
injury. For instance, a non- displaced fracture of the fifth meta-
carpal will not experience the same degree of disability compared 
with someone who sustains a comminuted distal radius fracture, 
and these outcomes may vary even within a specific patient 
population receiving care at the same facility. This level of 
detail is difficult to capture at the population level. As previ-
ously noted, the current GBD study design uses an injury severity 
hierarchy model, which is determined by the most severe nature 
of injury sustained for a given cause. Therefore, the model will 
ignore certain injuries in instances of polytrauma. For example, 
in circumstances in which an individual sustains a hand injury in 
conjunction with a more serious injury such as an intracranial 
bleed, the hand injury will not be accounted for. Lastly, a consid-
erable limitation of the current investigation is that assumptions 
regarding the exact cause and mechanism of injury were made as 
a result of restrictions within the available data set. This limita-
tion will be addressed with further iterations of the GBD study.
ConCluSIon
High rates of bony hand and wrist injuries are noted in Central 
Europe, Eastern Europe and Australasia, which are consistent 
with patterns found in other anatomic zones of injury (eg, facial 
fracture, traumatic brain injury and spinal cord injury).38 In low- 
middle and middle SDI countries, increasing rates of fracture 
and amputation are observed over the 27- year study period. 
Patients in these countries are less likely to have access to quality 
and subspecialised surgical hand care.
The comparative reporting of hand and wrist injuries by 
region and SDI will allow for design and implementation of 
preventative measures and effective management strategies. We 
anticipate that future GBD studies will provide more granular 
data to gauge the effectiveness of these efforts over time.
Author affiliations
1Department of Surgery, Division of Plastic and Reconstructive Surgery, University of 
Washington, Seattle, Washington, USA
2Department of Surgery, Division of Plastic and Reconstructive Surgery, Stanford 
University, Palo Alto, California, USA
3College of Medicine and Health Sciences, Department of Nursing, Adigrat University, 
Adigrat, Ethiopia
4Evidence Based Practice Center, Mayo Clinic Foundation for Medical Education and 
Research, Rochester, Minnesota, USA
5Health Management and Economics Research Center, Iran University of Medical 
Sciences, Tehran, Iran
6Health Economics Department, Iran University of Medical Sciences, Tehran, Iran
7Plastic Surgery Department, University of Texas, Houston, Texas, USA
8Department of Hypertension, Medical University of Lodz, Lodz, Poland
9Polish Mothers’ Memorial Hospital Research Institute, Lodz, Poland
10Social Determinants of Health Research Center, Babol University of Medical 
Sciences, Babol, Iran
11Department of Clinical and Experimental Medicine, University of Catania, Catania, 
Italy
12Epidemiology and Evidence Based Medicine, I.M. Sechenov First Moscow State 
Medical University, Moscow, Russia
13Institute for Health Metrics and Evaluation, University of Washington, Seattle, 
Washington, USA
14Department of Otolaryngology - Head & Neck Surgery, Wayne State University, 
Detroit, Michigan, USA
15Toxoplasmosis Research Center, Mazandaran University of Medical Sciences, Sari, 
Iran
16School of Pharmacy, Aksum University, Aksum, Ethiopia
17Addis Ababa University, Addis Ababa, Ethiopia
18Center of Excellence in Public Health Nutrition, Nguyen Tat Thanh University, Ho 
Chi Minh City, Vietnam
19Department of Population Medicine and Health Services Research, Bielefeld 
University, Bielefeld, Germany
20Department of Dermatology, Kobe University, Kobe, Japan
21Gene Expression & Regulation Program, The Wistar Institute, Philadelphia, 
Pennsylvania, USA
22School of Pharmacy, Mekelle University, Mekelle, Ethiopia
23School of Public Health, Haramaya University, Harar, Ethiopia
24Department of Public Health, Erasmus University Medical Center, Rotterdam, 
Netherlands
25Department of Pharmacology, Tehran University of Medical Sciences, Tehran, Iran
26Obesity Research Center, Shahid Beheshti University of Medical Sciences, Tehran, 
Iran
27Public Health Department, Madda Walabu University, Bale Goba, Ethiopia
28Department of Health Metrics Sciences, School of Medicine, University of 
Washington, Seattle, Washington, USA
29Center of Excellence in Behavioral Medicine, Nguyen Tat Thanh University, Ho Chi 
Minh City, Vietnam
30Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical 
Sciences, Tehran, Iran
31Department of Family Medicine and Public Health, University of Opole, Opole, 
Poland
32Social Determinants of Health Research Center, Research Institute for Prevention of 
Non- Communicable Diseases, Qazvin University of Medical Sciences, Qazvin, Iran
33Hematology- Oncology and Stem Cell Transplantation Research Center, Tehran 
University of Medical Sciences, Tehran, Iran
34Pars Advanced and Minimally Invasive Medical Manners Research Center, Iran 
University of Medical Sciences, Tehran, Iran
35Department of Public Health, Jordan University of Science and Technology, Irbid, 
Jordan
36Department of Physiology, Baku State University, Baku, Azerbaijan
37Epidemiology and Biostatistics Department, Health Services Academy, Islamabad, 
Pakistan
38Nuffield Department of Surgical Sciences, Oxford University Global Surgery Group, 
University of Oxford, Oxford, UK
39Department of Nursing and Health Promotion, Oslo Metropolitan University, Oslo, 
Norway
P
rotected by copyright.
 on O
ctober 29, 2020 at U
niversitatsbibliothek B
ielefeld.
http://injuryprevention.bm
j.com
/
Inj P
rev: first published as 10.1136/injuryprev-2019-043495 on 13 M
arch 2020. D
ow
nloaded from
 
Crowe CS, et al. Inj Prev 2020;0:1–10. doi:10.1136/injuryprev-2019-043495 9
original research
40School of Health Sciences, Kristiania University College, Oslo, Norway
41Department of Public Health, Trnava University, Trnava, Slovakia
42Ophthalmology Department, Iran University of Medical Sciences, Tehran, Iran
43Ophthalmology Department, University of Manitoba, Winnipeg, Manitoba, Canada
44Plastic Surgery Department, Iran University of Medical Sciences, Tehran, Iran
45Surgery Department, Emergency University Hospital Bucharest, Bucharest, Romania
46Breast Surgery Unit, Helsinki University Hospital, Helsinki, Finland
47University of Helsinki, Helsinki, Finland
48Pacific Institute for Research & Evaluation, Calverton, Maryland, USA
49School of Public Health, Curtin University, Perth, Western Australia, Australia
50Department of Epidemiology and Biostatistics, Shahrekord University of Medical 
Sciences, Shahrekord, Iran
51Department of Nursing, Shahroud University of Medical Sciences, Shahroud, Iran
52Pediatric Neurorehabilitation Research Center, University of Social Welfare and 
Rehabilitation Sciences, Tehran, Iran
53Laboratory of Public Health Indicators Analysis and Health Digitalization, Moscow 
Institute of Physics and Technology, Dolgoprudny, Russia
54Experimental Surgery and Oncology Laboratory, Kursk State Medical University of 
the Ministry of Health of the Russian Federation, Kursk, Russia
55Cochrane South Africa, South African Medical Research Council, Cape Town, South 
Africa
56Institute for Global Health Innovations, Duy Tan University, Hanoi, Vietnam
57Department of Psychiatry and Behavioural Neurosciences, McMaster University, 
Hamilton, Ontario, Canada
58Department of Psychiatry, University of Lagos, Lagos, Nigeria
59Department of Pathology and Molecular Medicine, McMaster University, Hamilton, 
Ontario, Canada
60Health Sciences Department, Muhammadiyah University of Surakarta, Sukoharjo, 
Indonesia
61Department of Chemistry, Sharif University of Technology, Tehran, Iran
62Department of Pharmacology, Shahid Beheshti University of Medical Sciences, 
Tehran, Iran
63Department of Surgery, University of Michigan, Ann Arbor, Michigan, USA
64Department of Clinical Research, Federal University of Uberlândia, Uberlândia, 
Brazil
65Emergency Department, Shahid Beheshti University of Medical Sciences, Tehran, 
Iran
66Department of Entomology, Ain Shams University, Cairo, Egypt
67Rheumatology Department, University Hospitals Bristol NHS Foundation Trust, 
Bristol, UK
68Institute of Bone and Joint Research, University of Sydney, Syndey, New South 
Wales, Australia
69Health Policy Research Center, Shiraz University of Medical Sciences, Shiraz, Iran
70Surgery 2nd Department - SUUB, Carol Davila University of Medicine and 
Pharmacy, Bucharest, Romania
71Surgery 2nd Department, Bucharest Emergency Hospital, Bucharest, Romania
72Department of Public Health, Adigrat University, Adigrat, Ethiopia
73Department of Health Economics, Hanoi Medical University, Hanoi, Vietnam
74Gomal Center of Biochemistry and Biotechnology, Gomal University, Dera Ismail 
Khan, Pakistan
75TB Culture Laboratory, Mufti Mehmood Memorial Teaching Hospital, Dera Ismail 
Khan, Pakistan
76Department of Anatomical Sciences, Maragheh University of Medical Sciences, 
Maragheh, Iran
77Trauma Research Center, Nursing Facility, Baqiyatallah University of Medical 
Sciences, Tehran, Iran
78Department of Human Anatomy, Histology, and Embryology, Bahir Dar University, 
Bahir Dar, Ethiopia
79Department of Nursing, Wollo University, Dessie, Ethiopia
80Department of Nursing and Midwifery, Addis Ababa University, Addis Ababa, 
Ethiopia
81Department of Preventive Medicine, Wuhan University, Wuhan, China
Acknowledgements MDN acknowledges support from the Government of the 
Russian Federation (Agreement № 075-02-2019-967). AMS acknowledges support 
from a fellowship from the Egyptian Fulbright Mission Program.
Funding This study was funded by Bill and Melinda Gates Foundation (grant 
number: OPP1152504).
Competing interests Dr. Jozwiak reports personal fees from TEVA, personal 
fees from ALAB, personal fees from BOEHRINGER INGELHEIM, personal fees 
from SYNEXUS, non- financial support from SERVIER, non- financial support from 
MICROLIFE, and non- financial support from MEDICOVER, outside the submitted 
work. Dr. James reports grants from Sanofi Pasteur, outside the submitted work.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.
data availability statement Data are available in a public, open access 
repository. Data sharing not applicable as no data sets generated and/or analysed 
for this study. Data are available upon reasonable request. Data may be obtained 
from a third party and are not publicly available. All data relevant to the study 
are included in the article or uploaded as supplementary information. Input 
data availability for public use varies by source. More information is available in 
documentation on  ghdx. healthdata. org. Study results are all publicly available at  
ghdx. healthdata. org.
open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.
RefeRences
 1 James SL, Abate D, Abate KH, et al. Global, regional, and national incidence, 
prevalence, and years lived with disability for 354 diseases and injuries for 195 
countries and territories, 1990-2017: a systematic analysis for the global burden of 
disease study 2017. Lancet 2018;392:1789–858.
 2 Emmett JE, Breck LW. A review and analysis of 11,000 fractures seen in a private 
practice of orthopaedic surgery, 1937-1956. J Bone Joint Surg Am 1958;40- 
A:1169–75.
 3 Huisstede BMA, Bierma- Zeinstra SMA, Koes BW, et al. Incidence and prevalence of 
upper- extremity musculoskeletal disorders. A systematic appraisal of the literature. 
BMC Musculoskelet Disord 2006;7:7.
 4 Robinson LS, Sarkies M, Brown T, et al. Direct, indirect and intangible costs of acute 
hand and wrist injuries: a systematic review. Injury 2016;47:2614–26.
 5 Case- Smith J. Outcomes in hand rehabilitation using occupational therapy services. 
Am J Occup Ther 2003;57:499–506.
 6 Peters DH, Garg A, Bloom G, et al. Poverty and access to health care in developing 
countries. Ann N Y Acad Sci 2008;1136:161–71.
 7 Hay SI, Abajobir AA, Abate KH, et al. Global, regional, and national disability- adjusted 
life- years (DALYs) for 333 diseases and injuries and healthy life expectancy (HALE) for 
195 countries and territories, 1990-2016: a systematic analysis for the global burden 
of disease study 2016. Lancet 2017;390:1260–344.
 8 Naghavi M, Abajobir AA, Abbafati C, et al. Global, regional, and national age- sex 
specific mortality for 264 causes of death, 1980-2016: a systematic analysis for the 
global burden of disease study 2016. Lancet 2017;390:1151–210.
 9 Vos T, Abajobir AA, Abate KH, et al. Global, regional, and national incidence, 
prevalence, and years lived with disability for 328 diseases and injuries for 195 
countries, 1990-2016: a systematic analysis for the global burden of disease study 
2016. Lancet 2017;390:1211–59.
 10 Wang H, Abajobir AA, Abate KH, et al. Global, regional, and national under-5 
mortality, adult mortality, age- specific mortality, and life expectancy, 1970-
2016: a systematic analysis for the global burden of disease study 2016. Lancet 
2017;390:1084–150.
 11 Museru LM, Mcharo CN. The dilemma of fracture treatment in developing countries. 
Int Orthop 2002;26:324–7.
 12 De Allegri M, Pokhrel S, Sauerborn R. Health financing and access to services. Lancet 
2005;365:569–70.
 13 Bernstein ML, Chung KC. Hand fractures and their management: an international 
view. Injury 2006;37:1043–8.
 14 Bach O. Musculo skeletal trauma in an East African public hospital. Injury 
2004;35:401–6.
 15 Torgbenu EL, Nakua EK, Kyei H, et al. Causes, trends and severity of musculoskeletal 
injuries in Ghana. BMC Musculoskelet Disord 2017;18:349.
 16 Larsen CF, Mulder S, Johansen AMT, et al. The epidemiology of hand injuries in the 
Netherlands and Denmark. Eur J Epidemiol 2004;19:323–7.
 17 Dicker D, Nguyen G, Abate D, et al. Global, regional, and national age- sex- specific 
mortality and life expectancy, 1950-2017: a systematic analysis for the global burden 
of disease study 2017. Lancet 2018;392:1684–735.
 18 Kyu HH, Abate D, Abate KH, et al. Global, regional, and national disability- adjusted 
life- years (DALYs) for 359 diseases and injuries and healthy life expectancy (HALE) for 
195 countries and territories, 1990-2017: a systematic analysis for the global burden 
of disease study 2017. Lancet 2018;392:1859–922.
 19 Murray CJL, Callender CSKH, Kulikoff XR, et al. Population and fertility by age and 
sex for 195 countries and territories, 1950-2017: a systematic analysis for the global 
burden of disease study 2017. Lancet 2018;392:1995–2051.
 20 Roth GA, Abate D, Abate KH, et al. Global, regional, and national age- sex- specific 
mortality for 282 causes of death in 195 countries and territories, 1980-2017: 
a systematic analysis for the global burden of disease study 2017. Lancet 
2018;392:1736–88.
 21 Stanaway JD, Afshin A, Gakidou E, et al. Global, regional, and national comparative 
risk assessment of 84 behavioural, environmental and occupational, and metabolic 
risks or clusters of risks for 195 countries and territories, 1990-2017: a systematic 
analysis for the global burden of disease study 2017. Lancet 2018;392:1923–94.
P
rotected by copyright.
 on O
ctober 29, 2020 at U
niversitatsbibliothek B
ielefeld.
http://injuryprevention.bm
j.com
/
Inj P
rev: first published as 10.1136/injuryprev-2019-043495 on 13 M
arch 2020. D
ow
nloaded from
 
Crowe CS, et al. Inj Prev 2020;0:1–10. doi:10.1136/injuryprev-2019-04349510
original research
 22 Stevens GA, Alkema L, Black RE, et al. Guidelines for accurate and transparent health 
estimates reporting: the gather statement. Lancet 2016;388:e19–23.
 23 Foreman KJ, Lozano R, Lopez AD, et al. Modeling causes of death: an integrated 
approach using CODEm. Popul Health Metr 2012;10:1.
 24 James SL, Theadom A, Ellenbogen RG, et al. Global, regional, and national burden of 
traumatic brain injury and spinal cord injury, 1990-2016: a systematic analysis for the 
global burden of disease study 2016. Lancet Neurol 2019;18:56–87.
 25 Institute of Health Metrics and Evaluation. Global Burden of Disease 2017 - GBD 
Compare, Viz Hub. Available: https:// vizhub. healthdata. org/ gbd- compare [Accessed 11 
Dec 2019].
 26 McKee M, Zwi A, Koupilova I, et al. Health policy- making in central and eastern 
Europe: lessons from the inaction on injuries? Health Policy Plan 2000;15:263–9.
 27 Vikhireva O, Pikhart H, Pajak A, et al. Non- Fatal injuries in three central and 
eastern European urban population samples: the HAPIEE study. Eur J Public Health 
2010;20:695–701.
 28 Hyder AA, Aggarwal A. The increasing burden of injuries in eastern Europe and 
Eurasia: making the case for safety investments. Health Policy 2009;89:1–13.
 29 Schäfer I, Hopchet M, Vandamme N, et al. Trauma and trauma care in Europe. Eur J 
Psychotraumatol 2018;9:1556553.
 30 Rehm J, Sulkowska U, Mańczuk M, et al. Alcohol accounts for a high proportion of 
premature mortality in central and eastern Europe. Int J Epidemiol 2007;36:458–67.
 31 Popova S, Rehm J, Patra J, et al. Comparing alcohol consumption in central 
and eastern Europe to other European countries. Alcohol and Alcoholism 
2007;42:465–73.
 32 United Nations Department of Social and Economic Affairs. International migration 
report, 2015. Available: https://www. un. org/ en/ development/ desa/ population/ 
migration/ publications/ migrationreport/ docs/ MigrationReport2015_ Highlights. pdf 
[Accessed 12 Sept 2019].
 33 Schilling T, Rauscher S, Menzel C, et al. Migrants and refugees in Europe: challenges, 
experiences and contributions. Visc Med 2017;33:295–300.
 34 Ikram UZ, Mackenbach JP, Harding S, et al. All- Cause and cause- specific mortality of 
different migrant populations in Europe. Eur J Epidemiol 2016;31:655–65.
 35 Curtis K, Caldwell E, Delprado A, et al. Traumatic injury in Australia and New Zealand. 
Australas Emerg Nurs J 2012;15:45–54.
 36 Spicer Ret al. Comparison of injury case fatality rates in the United States and New 
Zealand. Inj Prev 2005;11:71–6.
 37 Kutzbach MJ. Motorization in developing countries: causes, consequences, and 
effectiveness of policy options. J Urban Econ 2009;65:154–66.
 38 Nantulya VM, Reich MR. The neglected epidemic: road traffic injuries in developing 
countries. BMJ 2002;324:1139–41.
 39 Moniruzzaman S, Andersson R. Cross- National injury mortality differentials by income 
level: the possible role of age and ageing. Public Health 2008;122:1167–76.
 40 Sorock GS, Lombardi DA, Hauser RB, et al. Acute traumatic occupational hand injuries: 
type, location, and severity. J Occup Environ Med 2002;44:345–51.
 41 Skov O. The incidence of hospital- treated occupational hand injuries. J Hand Surg Br 
1994;19:118–9.
 42 Kamath JB, Naik DM, Bansal A, et al. Current concepts in managing fractures of 
metacarpal and phalangess. Indian J Plast Surg 2011;44:203–11.
 43 Flatt AE. Closed and open fractures of the hand. Fundamentals of management. 
Postgrad Med 1966;39:17–26.
 44 Meara JG, Leather AJM, Hagander L, et al. Global surgery 2030: evidence and 
solutions for achieving health, welfare, and economic development. The Lancet 
2015;386:569–624.
 45 Chung KC, Yoon AP, Malay S, et al. Patient- reported and functional outcomes 
after revision amputation and Replantation of digit amputations: the FRANCHISE 
multicenter international retrospective cohort study. JAMA Surg 2019;154:637–46.
 46 Sorock GS, Lombardi D, Hauser R. A case- crossover study of transient risk factors for 
occupational acute hand injury. Occup Environ Med 2004;61:305–11.
 47 Ong SG, Fung SC, Chow SP, et al. A study of major factors associated with severe 
occupational hand injury in Hong Kong island. Occup Med 1982;32:82–8.
 48 Bellemere P, Guimberteau J. Experience of a national campaign for hand trauma 
prevention in France. Handchir Mikrochir plast Chir 2013;45:335–8.
 49 Saaiq M, Zaib S, Ahmad S. The menace of post- burn contractures: a developing 
country’s perspective. Ann Burns Fire Disasters 2012;25:152–8.
 50 Chandra Paul A, Swapan KB, Spronk CA, et al. Postburn contracture treatment: a 
healthcare project in Bangladesh. Burns 2008;34:181–4.
 51 Goel A, Shrivastava P. Post- burn scars and scar contractures. Indian J Plast Surg 
2010;43:63–71. P
rotected by copyright.
 on O
ctober 29, 2020 at U
niversitatsbibliothek B
ielefeld.
http://injuryprevention.bm
j.com
/
Inj P
rev: first published as 10.1136/injuryprev-2019-043495 on 13 M
arch 2020. D
ow
nloaded from
 
